INTRODUCTION
============

Hysterectomy is the most common major gynecologic surgery, with millions performed annually worldwide.^[@B1]^ In the United States, 30.5% of hysterectomies are performed laparoscopically.^[@B2]^ This percentage continues to increase because of established reductions in perioperative morbidity and shorter recovery times compared with abdominal hysterectomy.^[@B3]^ Patient outcomes of laparoscopic hysterectomy are potentially further improved when the procedure is performed by a surgical subspecialist.

It is well established that high-volume surgeons have superior surgical outcomes for select procedures. The volume effect has been widely demonstrated for oncologic and cardiovascular procedures.^[@B4],[@B5]^ Increasing evidence has also shown improved outcomes for high-volume gynecologists performing all types of hysterectomy.^[@B6][@B7][@B10]^ Similar data for high-volume gynecologic subspecialists in gynecologic oncology and urogynecology demonstrate reduced perioperative morbidity for hysterectomies performed for malignancy and pelvic reconstruction, respectively.^[@B11][@B12][@B15]^

Little is known about the specific influence of advanced training in minimally invasive gynecologic surgery (MIGS) on patient outcomes for laparoscopic hysterectomy. Advanced fellowship training in MIGS has been established to improve proficiency in gynecologic endoscopic procedures, including laparoscopic hysterectomy. MIGS fellowship programs not only operate with high volume but also perform laparoscopic hysterectomies with complex pelvic anatomy, adhesive disease, and large uteri. The objective of this study was to compare outcomes for laparoscopic hysterectomy performed by a fellowship-trained MIGS specialist and all other gynecologic surgeons in a gynecology department.

MATERIALS AND METHODS
=====================

Internal review board approval was obtained from Lahey Hospital and Medical Center. All patients who underwent a laparoscopic hysterectomy, either total or supracervical, at Lahey Hospital and Medical Center between October 2010 and September 2014 were identified from the operating room records. Ten gynecologists including a MIGS specialist and 9 general gynecologists, all of whom exclusively practice gynecology, performed the operations. To limit confounding variables, laparoscopic hysterectomies performed for malignant indications were excluded. Furthermore, laparoscopic hysterectomies with concomitant surgery other than adnexal surgery were excluded. In addition, robot-assisted laparoscopic hysterectomies were excluded because most cases in the department were performed via a conventional laparoscopic approach. The robot is used exclusively by the gynecologic oncologists in the department.

Information was collected from the medical record including patient characteristics, details of the procedure, perioperative outcomes, and costs. Patient demographics that were analyzed included age, body mass index (BMI), parity, and surgical history. Details of the procedure that were analyzed included the indications for hysterectomy, procedure type (total vs supracervical hysterectomy), findings, procedure duration, estimated blood loss, specimen pathology, uterine weight, and intraoperative complications. Intraoperative complications were defined as conversion to an open procedure, vessel or visceral organ injury, hemorrhage ≥1000 mL, and cardiopulmonary events. Postoperative outcomes that were analyzed included patient length of stay and postoperative complications. Postoperative complications were defined as readmissions, reoperations, bowel obstruction, ileus, pulmonary embolism, deep vein thrombosis, infection, hematoma, or seroma.

Cost data were collected from the hospital finance system. The analysis included total charges, total costs, and direct costs. Total charges included the set amount that the hospital charged a patient for all services provided. Total costs included direct plus indirect costs. Direct costs included patient-specific costs such as laboratory tests, medications, surgical supplies, operating room nursing time, and physician time. Indirect costs included hospital costs that cannot be identified with a particular patient or unit of the hospital such as information technology, financial services, and hospital facility maintenance. All cost data were adjusted for medical inflation using the Consumer Price Index and reported in 2010 U.S. dollars.^[@B16]^

Patient characteristics, details of the procedure, postoperative outcomes, and costs were compared for the MIGS specialist and other surgeons. Continuous variables were analyzed by using Student\'s *t* test or Mann-Whiney U-test, depending on the distribution of the data. Categorical variables were analyzed with Pearson\'s chi-square test or Fisher\'s exact test, as appropriate. Statistical significance was set at a value of *P* ≤ .05.

RESULTS
=======

A total of 218 patients underwent conventional laparoscopic hysterectomy for benign disease, performed by 10 members of the gynecology department from 2010 through 2014. Ninety-six (44%) procedures were performed by a MIGS specialist and 122 (56%) were performed by a group of general gynecologists. The average annual laparoscopic hysterectomy volume was generated for each surgeon by reviewing total cases and the time the surgeon had been active at the institution (**[Figure 1](#F1){ref-type="fig"}**). Total case volume was determined for all types of laparoscopic hysterectomy, including robot-assisted, and laparoscopic vaginal hysterectomy. The MIGS specialist and one other gynecologist met commonly used definitions of intermediate-to-high-volume surgeons with greater than 10 average annual cases.^[@B6]^

![Total number of laparoscopic hysterectomies (LH) over the 4-year period and average annual number of laparoscopic hysterectomies performed by 10 surgeons. The MIGS specialist is displayed on the left-most bars. Four surgeons do not have an average annual laparoscopic hysterectomy volume displayed, because they had been performing the procedure for less than a year.](jls0201636530001){#F1}

The patients who underwent laparoscopic hysterectomy by the MIGS specialist and other gynecologists did not differ significantly in age, BMI, or parity (**[Table 1](#T1){ref-type="table"}**). Patients of the MIGS specialist had a greater number of prior laparotomies (42.7% vs 17.2%; *P* = \< .001). The type of laparoscopic hysterectomy differed significantly, with more patients undergoing a total laparoscopic hysterectomy by the MIGS specialist (82.3% vs 26.2%; *P* \< .001). Operative indications did not differ significantly with the exception of abnormal uterine bleeding, which was a less common indication for hysterectomy for patients of the MIGS specialist (52.1% vs 73.0%; *P* = .001). Operative findings did not differ with regard to the presence of leiomyoma (confirmed on pathology) or adhesions (seen at the time of procedure); however, the MIGS specialist had fewer patients with endometriosis at the time of the procedure (2.1% vs 9.8%; *P* = .020). Uterine weight was nearly twice as large for the MIGS specialist\'s patients (392.0 g vs 223.6 g; *P* \< .001).

###### 

Patient and Procedure Characteristics by Surgeon

                                   MIGS (n = 96)       Other (n = 122)     *P*
  -------------------------------- ------------------- ------------------- --------
  Age (y), median (95% CI)         46.0 (44.0--49.0)   46.5 (43.0--50.0)   .826
  BMI (kg/m^2^), median (95% CI)   27.1 (23.8--31.5)   26.3 (23.4--30.0)   .396
  Parous, n (%)                    80 (83.3)           93 (76.9)           .239
  Prior laparotomy, n (%)          41 (42.7)           21 (17.2)           \<.001
  Prior laparoscopy, n (%)         39 (40.6)           39 (32.0)           .215
  Hysterectomy type, n (%)                                                 
      Total                        79 (82.3)           32 (26.2)           \<.001
      Supracervical                17 (17.7)           90 (73.8)           \<.001
  Operative indications, n (%)                                             
      Abnormal uterine bleeding    50 (52.1)           89 (73.0)           .001
      Leiomyoma                    63 (65.6)           70 (57.4)           .215
      Pelvic pain                  18 (18.8)           30 (24.6)           .302
      Adenomyosis                  6 (6.3)             11 (9.0)            .450
      Endometriosis                4 (4.2)             8 (6.6)             .442
      Endometrial hyperplasia      4 (4.2)             7 (5.7)             .759
      Cervical dysplasia           1 (1.0)             6 (4.9)             .138
      Pelvic organ prolapse        3 (3.1)             0 (0)               .084
  Operative findings, n (%)                                                
      Leiomyoma                    77 (80.2)           99 (81.1)           .861
      Endometriosis                2 (2.1)             12 (9.8)            .020
      Adhesions                    37 (38.5)           41 (33.6)           .450
  Uterine weight (g), mean (SD)    392.0 (345.0)       223.6 (191.6)       \<.001

Perioperative outcomes including complications are listed in **[Table 2](#T2){ref-type="table"}**. Median operative time was less for the MIGS specialist (109.5 min, 95% CI 86.1--148.2, vs 136.2 min, 95% CI 117.0--163.2; *P* \< .001). Patients were more likely to be discharged on the same day for the MIGS specialist (90.6% vs 66.4%, *P* \< .001). Median estimated blood loss was the same for both groups (98.0 mL; *P* = \<.001).

###### 

Perioperative Outcomes and Complications

                                               MIGS (n = 96)         Other (n = 122)        *P*
  -------------------------------------------- --------------------- ---------------------- --------
  Procedure duration (min), median (95% CI)    109.5 (86.1--148.2)   136.2 (117.0--163.2)   \<.001
  Same-day discharge (days), n (%)             87 (90.6)             81 (66.4)              \<.001
  Estimated blood loss (mL), median (95% CI)   98.0 (98.0--100.0)    98.0 (50.0--99.0)      \<.001
  Intraoperative complications, n (%)                                                       
      Conversions                              0 (0)                 2 (1.6)                .505
      Organ injury                             1 (1.0)               0 (0)                  .440
      Hemorrhage ≥1000 mL                      0 (0)                 0 (0)                  --
      Cardiopulmonary events                   0 (0)                 0 (0)                  --
  Postoperative complications, n (%)                                                        
      Readmission                              1 (1.0)               6 (4.9)                .138
      Reoperation                              0 (0)                 0 (0)                  --
      Bowel obstruction/ileus                  0 (0)                 1 (0.8)                1.000
      PE/DVT                                   0 (0)                 0 (0)                  --
      Infection                                6 (6.3)               16 (13.1)              .095
      Hematoma/seroma                          1 (1.0)               4 (3.3)                .387
      Urinary retention                        0 (0)                 1 (0.8)                1.000

PE/DVT, pulmonary embolism/deep venous thrombosis.

Intraoperative and postoperative complications were rare overall, with no significant differences between the MIGS specialist and other surgeons. Although not statistically significant, no cases were converted to open procedures for the MIGS specialist, and 2 were converted for the other surgeons (*P* = .505). There was a single cystotomy for the MIGS specialist that occurred in a patient with 2 prior cesarean sections and adhesions and was repaired at the time of surgery by the MIGS specialist. There were no significant differences in readmission, reoperation, bowel obstruction, ileus, pulmonary embolism, deep vein thrombosis, infection, hematoma, seroma, or urinary retention. A single patient operated on by the MIGS specialist required readmission for management of bleeding from a vaginal laceration that occurred from uterine extraction. Six patients operated on by the other surgeons required readmission for various reasons including pelvic abscess, pelvic hematoma, pelvic seroma, small bowel obstruction, and pancreatitis. Postoperative infection was lower for the MIGS specialist (6 vs 16 cases; *P* = .095), but the difference was not statistically significant. Infections included pelvic abscess, vaginal cuff cellulitis, incisional cellulitis, and urinary tract infection. It is also worth noting that there were 9 total complications for the MIGS specialist and 30 total complications for the other surgeons.

Median costs are listed in **[Table 3](#T3){ref-type="table"}**. Total charges were lower for the MIGS specialist with a median total billing charge of \$9,920 versus \$11,406 (*P* \< .001). Total and direct costs were not significantly different for the MIGS specialist and other surgeons.

###### 

Median Costs

                  MIGS (n = 96)             Other (n = 143)           *P*
  --------------- ------------------------- ------------------------- --------
  Total charges   \$9,920 (7,357--16,592)   \$11406 (7,219--21,849)   \<.001
  Total costs     \$5,890 (4,243--9,743)    \$6,252 (3,779--13,930)   .076
  Direct costs    \$3,257 (2,389--5,498)    \$3,069 (1,903--6,948)    .056

Data are expressed as median, minimum, and maximum in U.S. dollars.

DISCUSSION
==========

Studies examining the relationship between surgeon volume and perioperative outcomes for laparoscopic hysterectomy have overall shown a positive correlation, although the data are conflicting. A large database analysis of 124,615 benign laparoscopic hysterectomies performed between 2000 and 2010 found significantly decreased morbidity, complications, length of stay, and resource utilization for high-volume surgeons.^[@B7]^ A prospective cohort of 1534 laparoscopic hysterectomies performed over 1 year showed no effect of surgical volume on estimated blood loss, operative time, or adverse events.^[@B10]^ A retrospective review of 877 benign laparoscopic hysterectomies showed decreased operating time, length of stay, and estimated blood loss with no difference in complications for high-volume surgeons.^[@B6]^

Although surgeon volume is an important indicator of surgical proficiency, it is not the sole determinant of patient outcomes. Fellowship training increases surgical volume, increases exposure to surgically challenging cases, and often teaches a reproducible method of tackling these challenges. Few studies have looked directly at the impact of fellowship training in gynecologic subspecialties. In the general surgery literature, a review of 23 studies demonstrated a positive impact of fellowship training on patient outcomes across several surgical subspecialties.^[@B17]^ This meta-analysis showed a lower conversion of laparoscopic to open procedures for fellowship-trained minimally invasive surgeons. Of the 11 studies comparing fellowship-trained surgeons to those without fellowship training, one study showed increased survival, another showed decreased length of stay, and the remainder showed no difference in patient outcomes.

Our study showed that a fellowship-trained MIGS specialist performs laparoscopic hysterectomy on larger uteri with decreased operative time and no significant difference in perioperative complications. Patients undergoing laparoscopic hysterectomy by the MIGS specialist had uteri nearly twice as large and more prior surgeries. Procedure time and length of stay were also significantly shorter, which may contribute to decreased total charges. The MIGS specialist had a lower conversion rate and fewer overall perioperative complications, though these outcomes were rare and did not reach statistical significance. Our results emphasize the positive impact of a MIGS specialist when compared to other gynecologists in a department.

Endometriosis was more commonly reported as an intraoperative finding by the other gynecologists than by the MIGS specialist. Endometriosis may have increased the difficulty of laparoscopic hysterectomy in these patients; however, visualization is subjective, and its presence alone does not indicate the extent of the disease or complexity of the procedure. The specific training of the MIGS specialist may also lead one to report endometriosis only if proven by biopsy.

Also, total and supracervical laparoscopic hysterectomies were not evenly distributed across the groups, with the MIGS specialist performing 82.3% total hysterectomies compared to 26.2% for the other surgeons (*P* \< .001). The differences in chosen procedure may reflect a comfort level with each procedure or with laparoscopic suturing. This discrepancy may affect our results, given that a large Cochrane review comparing total with supracervical hysterectomy showed a clinically insignificant increase in blood loss (57 mL) and procedure duration (11 min) for total versus supracervical hysterectomy.^[@B18]^ Our study found a clinically insignificant increase in blood loss for the MIGS specialist, the procedure duration was shorter for the MIGS specialist, despite the greater proportion of total hysterectomies. The Cochrane review also showed a higher likelihood of postoperative fever and urinary retention for total compared to supracervical hysterectomy, neither of which was more likely for patients operated on by the MIGS specialist, despite the greater proportion of total hysterectomies.

A strength of this study is that all data were taken from a single gynecology department that exclusively performs gynecologic procedures at one hospital. This underscores the comparative value of MIGS training, even when compared to other gynecologists of all surgical volumes exclusively performing these procedures. The study takes place over 4 years, encompassing multiple surgeons and procedures. The study was performed at a single institution with the same operating room staff and trainee team, reducing external factors on perioperative outcomes.

Our study is limited by its retrospective nature and that only one MIGS specialist was examined. Surgical outcomes are a function of many factors and it is difficult to isolate the impact of surgeon training in a retrospective cohort with one MIGS specialist. Many gynecology departments across the country have only 1 or 2 MIGS specialists, at most. A multi-institutional study may make it difficult to account for institutional, patient, and regional differences. Although differences in patient characteristics, including prior surgeries and uterine weight, highlight the challenging laparoscopic cases selected by the MIGS specialist, other unmatched characteristics may affect the results.

Future studies should expand to include multiple MIGS-trained surgeons to encompass the breadth of the subspecialty and fellowship training. A larger sample size would also improve the ability to detect a difference in rare complications. Future studies should also include multiple minimally invasive procedures, including robot-assisted laparoscopic hysterectomy and other procedures emphasized during fellowship training.

CONCLUSION
==========

A MIGS surgeon performed laparoscopic hysterectomy in less time on more difficult surgical patients, with a shorter length of stay and lower charges and no difference in complications compared to other providers in a gynecology department. Our findings demonstrate the benefits of advanced training in MIGS for patients undergoing laparoscopic hysterectomy. Advanced training in MIGS is a valuable means of providing safe surgical care and improving access to minimally invasive surgery for challenging surgical candidates. Further work is necessary to determine the relationship between MIGS subspecialization and patient perioperative morbidity.
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